An approach to quantum mechanical reactive scattering in polyatomic molecular systems is described. The formulation is based on the reaction path Hamiltonian of Miller, Handy, and Adams [J. Chern. Phys. Jl, 99 (1980)].
The essential physical idea is that the reaction coordinate in even polyatomic systems may be coupled strongly to only a few (one or two) of the vibrational modes orthogonal to it, and rather weakly coupled to the (perhaps many) remaining modes. This leads naturally to a "system-bath" decomposition of the reaction process, and this paper shows how this is carried through for the reaction path Hamiltonian. If only one transverse mode is included with the reaction coordinate to form the "system", for example, then the overall model is that of a collinear-like reaction,
I
whose dynamics are treated accurately, taking place in a (harmonic) "bath" to which it is weakly coupled .
• -2-I.
Introduction.
Quantum mechanical reactive scattering for molecular systems is a topic of obvious importance, for it provides the rigorous theoretical description of chemical reactions, but the practical difficulties which hinder applications are substantial. The usual complication of inelastic molecular collisions, i.e., many strongly coupled channels, is compounded by the additional complexity of dealing with a rearrangement scattering process.
The present status of the problem is that treatment of collinear atom-diatom reactions, A+ BC + AB + C, is relatively routine, but only a few calculations have. been reported for more complex
react1.ons.
The purpose of this paper is to describe a practical framework for approaching the problem of quantum reactive scattering for three-dimensional polyatomic systems. The approach utilizes the reaction path Hamiltonian mod.el for the polyatomic system, as 2 formulated by Miller, Handy, and Adams, and it also exploits the existing capability for carrying out collinear-like reactive scattering calculations. In this paper, therefore, we treat the system~bath coupling by straight.,-forward quantum mechanical perturbation theory, which will be sufficient, of course, if the coupling is tndeed weak, Section II describes the system.,-bath decomposition of the reaction path Hamiltonian, and the perturbative treatment of the coupling between the two is described in Section III.. This is th essentially a distorted wave approximation where the zero order Hamiltonian that defines the distorted wavefunction is the fully coupled "system" Hamiltonian plus the uncoupled l''bath bath to which it is weakly coupled. It is useful to note that the th zero order version of the present approach is essentially 
One sees that H is the ordinary reaction path Hamiltonian for sys the f degrees of freedom that constitute the "system'·'.
In many cases it may be reasonable to take the "bath'' frequencies {wk(s)},k=f+l, ... ~F to be independent of the reaction coordinate s, but one may not always wish to do so. If the to final state n ~ of products (i ,e .. , the transverse vibrational modes at s = +=} with total energy E, is given by a perturbation
• ... To make the fonnulae more transparent we specialize now to the case that the "system'' consists of the reaction coordinate plus just one transverse,_vibrational mode, i.e., £=2 in Eq .. (_2.2).
The 11 syst~1 ' is thus equivalent to a collinear atom .... diatom reaction, and the zeroth order amplitude is of the form
n3'. ·~ The reduced amplitude t t (E) is the result of a collinear~ n2,n2 like-scattering.calculation with the vibrationally adiabatic bath f.,
.. .6) (3, 7a) (3,7c) ,.,.
.h Q r (3 ,8) where q*· is the complete partition function of the transition state (bath plus system) * Q with the transmission coefficient K(l) given by (3. 9) K(T) -*. (1 ) = N2d C.B) /Q2d X . 21TKT -K2d (T) (3 '10) The transmission coefficient of Eq. (J.lO), however, is seen to be identical to the transmission coefficient for the two-dimensional collinear~like system, th In zero order, therefore, and with the assumption of constant frequencies, one sees that the transmission coefficient for the complete system of F degrees of freedom is the -----"same as that for -the-smailer system of f degrees of freedom,. This To determine the first order term to the transmission amplitudes,
th . t 1 of Eq. (3.1), requires the zero orderwavefunctions, the n ,n scattering eigenfunctions of H 0 , f 1 (s). They are also diagonal n+n in the bath quantum numbers, 
n ,n ' s-+.,..oo (3,12a) ,...
where r , 
n2-u2 t (l) (E) is then given by (with
n'"+n' s n"' ,n" n"+n s (3.13)
(1) where H "' 11 is the matrix of H 1 in the.vibrationally adiabatic n ,n basis of the transverse vibrational states; it is still an operator (multiplicative and differential) in the reaction coordinate degree of freedom, Since the translational scattering functions are diagonal in the bath quantum numbers, Eq. (3.13) simplifies to the following
One could in principle proceed to construct higher order distorted wave contributions, but a simpler (though approximate)
way to take these effects into account is to unitarize the first order approximation via some ad noc procedure, for example, the ·-.
~· (0) : (0) -17-IV. Concluding Remarks.
One can, in principle, improve results given by the approach we have presented in one of two ways, namely; to treat the coupling between "system" and "bath'' to higher order in perturbation theory, or to retain a first order pe.rturbative treatment of the coupling and to include more of the transverse vibrational modes in the "system". There are practical limitations, however, in proceeding too far along either of these avenues. If one attempts to include more than one or two transverse vibrational modes with the reaction coordinate to form the "systemN, it will not generally be practical to solve the zeroth order problem itself accurately.
Conversely, if one must go beyond first order perturbative theory in ·a distorted wave calculation, then the perturbative approach is usually not the best way to attack the problem.
Our view, therefore, is that the approach we have described will be useful if indeed only one or. two transverse modes are strongly coupled to the reaction coordinate, and together with it define the "systemt', while the coupling to the remaining transverse modes (the ''bath'') can be treated by first order perturbative
theory.
An encouraging note in this regard is that for the i.e., the bending vibrations and rotation make up the "bath'·'.
Finally, we note that sometimes it may not be most convenient to solve the collinear.,-like reactive scattering problem for the "system" in the reaction path coordinates (s,Q 2 ) (for example, if Yo ( 
